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Abstract
OBJECTIVE: To investigate the sedative and hyp-
notic activity of paeoniflorin and freeze-dried Sini
San powder on mice and provide a reliable method
for determining the pharmacodynamic material ba-
sis of Sini San.
METHODS: Male adult mice weighing 20-22 g
were used in this study. Three experiments were
carried out. Synergism with pentobarbital was used
as an index for hypnotic effect. Loss of the righting
reflex was used to determine the start of sleep.
Sleep latency and sleeping time were recorded in
each experiment.
RESULTS: The coefficient of variation of the supra-
threshold dose (55 mg/kg) was significantly lower
than that of the threshold dose. The sleep latency
of mice was significantly decreased, and the sleep-
ing time of mice was significantly prolonged. The
effects of paeoniflorin and Sini San on prolonging
the sleeping time of mice induced by pentobarbital
sodium were significantly stronger than those in
the control group.
CONCLUSION: Paeoniflorin produces significant
sedative and hypnotic effects, and there is an obvi-
ous dose-effect relationship.
© 2014 JTCM. All rights reserved.
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INTRODUCTION
At present, drug therapy is one of the most important
methods for the treatment of insomnia. In China, treat-
ment mainly includes sedative hypnotic drugs, Tradi-
tional Chinese Medicine (TCM) (single herbs and
compounds), and natural hypnotic substances. TCM
has been used for treating insomnia for thousands of
years and traditionally shows few toxic side effects.
Sini San was first recorded in Shang Han Lun1 and is
composed of four herbs, including Chaihu (Radix Bu-
pleuri Chinensis), Baishao (Radix Paeoniae Alba), Zhi-
shi (Fructus Aurantii Immaturus), and Gancao (Radix
Glycyrrhizae). Sini San is a basic prescription of TCM
for alleviating ShaoYang and coordinating the liver and
spleen. This effectively disperses pathogens and allevi-
ates mental depression, soothes the liver, regulates the
spleen, and exhausts the stagnation of Qi and blood.
According to TCM clinical observations, the stagna-
tion of liver-Qi induces insomnia and accounts for
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more than 80% of the total insomnia cases. Compared
with other drugs, Sini San is effective in treating insom-
nia and has fewer side effects. Therefore, we selected a
representative prescription of Sini San to study and dis-
cuss for improving sleep pharmacology.
Baishao (Radix Paeoniae Alba) can stimulate the ner-
vous system, decrease depression, enhance work perfor-
mance, resist anoxia, eliminate fatigue, act as a seda-
tive, act as an analgesic, and improve sleep.2,4 Further-
more, it has been found to have a potential effect on ex-
tending human life. 4 The major active constituent of
this herb is paeoniflorin (5beta-[(Benzoyloxy)methyl]
tetrahydro-5-hydroxy-2-methyl-2,5-methano-1H-3,4-
dioxacyclobuta[cd]pentalen-1alpha[2H]-yl-beta-D-glu-
copyranoside, C23H28O11∶480.45). The purpose of this
study, therefore, was to confirm that paeoniflorin can
improve sleep and exert sedative and hypnotic effects.
MATERIALS ANDMETHODS
Agents
Diazepam (DZP, 2.0 mg/kg, Sigma) was used as the
standard hypnotic drug. Pentobarbital sodium (Batch
No. 080605) was purchased from Shanghai General
Reagent Factory (Shanghai, China). Pentobarbital was
prepared with distilled water to a 1% solution before
use. Chaihu (Radix Bupleuri Chinensis), Baishao (Radix
Paeoniae Alba), Zhishi (Fructus Aurantii Immaturus),
and Gancao (Radix Glycyrrhizae) were purchased from
Harbin Shiyitang medicine plant (Harbin, China) and
were kindly authenticated by Dr. Chengyi Li, professor
of Pharmacognosy. Peoniflorin (purity 99%) was pur-
chased from Tianjin jianfeng Natural Product R&D
Co., Ltd. (Tianjin, China). Drugs were dissolved in wa-
ter for injection before use.
Ethical approval of the study protocol
All animal experiments used in this study were con-
ducted in accordance with the European Community
guidelines for the use of experimental animals and ap-
proved by the Animal Care Committee of Heilongji-
ang University of Chinese Medicine.
Animals
A total of 310 SPF male adult mice weighing 20-22 g
(Experimental Animal Center of Heilongjiang Univer-
sity of Chinese Medicine, Harbin, China) were used in
this study. Each mouse was used only for one experi-
ment. All animals were housed in acrylfiber cages
(450 mm × 290 mm × 189 mm, 15-18 per cage) in an
air-conditioned, sound-attenuated room, with con-
trolled temperature 26℃ ± 2℃ and humidity (53% ±
16%). This room was kept on a 12∶12-h light-dark cy-
cle (lights on at 7∶00 am, 50-120 lux). The animals
were allowed free access to food (standard laboratory
animal food) and water except the experiments and ac-
climated 7 days before they were used.3
Preparation of Sini San and other herbs freeze-dried
powder
The mixture (580 g) of Chaihu (Radix Bupleuri Chi-
nensis), Baishao (Radix Paeoniae Alba), Zhishi (Fructus
Aurantii Immaturus), and Gancao (Radix Glycyrrhizae)
each 145 g were decocted for 1 h with boiling distilled
water (equal to 10-fold weight of the mixture) and
then filtered. The drug residue was decocted for 1 h
with boiling distilled water (equal to 8-fold weight of
the mixture) and then filtered. Filtrates from the two
decoctions were put together and concentrated to the
required volume (0.8 g/mL) (crude drugs) under the
water bath at 70℃. We decocted Sini powder first, and
then used freeze-drying to prepare the final Sini pow-
der for storage until use. The constituents of Sini pow-
der were detected and the four major constituents (pae-
oniflorin, naringin, hesperidin, and licorice acid) were
quantified by thin-layer chromatography and high-per-
formance liquid chromatography. Preparation of Chai-
hu (Radix Bupleuri Chinensis), Baishao (Radix Paeoniae
Alba), Zhishi (Fructus Aurantii Immaturus), and Gan-
cao (Radix Glycyrrhizae) (freeze-dried powder) were the
same as Sini powder (freeze-dried powder).
Evaluation of sleep latency and sleeping time
It is suggested that the righting reflex is a useful meth-
od for assessing whether or not animals are asleep.4,5
Observers were blinded to the drug treatment. Follow-
ing the pentobarbital injection the index of hypnotic ef-
fect was recorded. The indexes were recorded as fol-
lows: time elapsed between the administrations of pen-
tobarbital until loss of righting reflex was recorded as
the sleep latency, while the time from the loss to its re-
covery was considered the sleeping time.6
Effects of different doses of pentobarbital sodium on
sleeping time of mice
The method of pentobarbital induced sleeping in mice
is a classic pharmacological experiment for screening
sedative and hypnotic drugs. The differential dose of
pentobarbital can affect experimental results significant-
ly. Through this experiment, we can determine a best
dose of pentobarbital sodium on sleeping time of mice.
The experiments were carried out from 10∶00 to 14∶00
h in a quiet room in which the temperature was main-
tained at 20℃±23℃. Mice were grouped of 10 in each.
Mice were treated as follows: groups 1, 2, 3, 4, 5, 6,
and 7 received the pentobarbital sodium (at dose of 35,
40, 45, 50, 55, 60, and 65 mg/kg, intraperitoneal injec-
tion, respectively). Sleeping time ofmicewas recorded.
Effects of drug on the sleep latency and duration of
sleep in pentobarbital sodium treated mice
Experiments were carried out from 10∶00 to 14∶00 h
in a quiet room in which the temperature was main-
tained at 20℃±23℃. Mice were randomly divided into
ten groups (ten mice in each). Group 1 received water
for injection as the control, group 2 received 2.0 mg/kg
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DZP (intraperitoneal injection), and groups 3, 4, 5, 6,
7, and 8 received paeoniflorin at dose of 30, 60, 120,
240, 480, 720 mg/kg, respectively (intraperitoneal in-
jection). Animals were administered pentobarbital sodi-
um (55 mg/kg intraperitoneal injection) 40 min later
and the index of hypnotic effect was recorded. The
mice were placed on a warm table during the sleeping
time. No animal was tested more than once.7
Effects of drug on prolonging the sleeping time of
mice induced by pentobarbital sodium
Overall, 160 mice were placed in the laboratory for a
week to adapt to the environment. The mice were ran-
domly divided into eight groups (20 mice in each) by
random number table: control group, paeoniflorin
group, Sini San freeze-dried powder group, Baishao
(Radix Paeoniae Alba) freeze-dried powder group, Gan-
cao (Radix Glycyrrhizae) freeze-dried powder group,
Zhishi (Fructus Aurantii Immaturus) freeze-dried pow-
der group, Chaihu (Radix Bupleuri Chinensis) freeze-
dried powder group, and Wuweizi (Fructus Schisandrae
Chinensis) freeze-dried powder group. The powder
groups received paeoniflorin (12 g/kg) by intragastric
administration, while the blank group was given the
same volume of distilled water for 7 days. Mice were
fasted for 8 h before the last administration. After
60 min, animals were administered pentobarbital sodi-
um (55 mg/kg, intraperitoneal injection), and the in-
door temperature was maintained at 20℃ , humidity
40%. By righting reflex tester determination, a positive
reflex more than 1 min was considered as having fallen
asleep. The loss of righting reflex and recovery time
were observed and recorded. The time from the loss to
recovery was considered as the sleeping time.
Statistical analyses
All values obtained are represented as mean±SD. Data
were analyzed by one-way analysis of variance (ANO-
VA) or two-way ANOVA followed by Student–New-
man–Keuls test for multiple comparisons. Statistical
analyses were done using SPSS ver13.0 (SPSS, Chica-
go, IL, USA). Student's t-test was used to evaluate the
difference between two groups at the same time. Differ-
ences with P<0.05 were considered statistically signifi-
cant.
RESULTS
Effects of different doses of pentobarbital sodium on
sleeping time of mice
In this experiment, we investigated the effect of the sev-
en differential doses of pentobarbital sodium on sleep-
ing time in mice. We found that the coefficient of vari-
ation (CV) of the suprathreshold dose is significantly
lower than the threshold dose (Table 1). Both the sleep-
ing time and the CV were considered. We used the su-
prathreshold dose of 55 mg/kg as the experimental
dose.
Effects of drugs on the sleep latency and duration of
sleep in pentobarbital sodium treated mice
In this experiment, paeoniflorin exhibited significant
sedative and hypnotic synergistic action with pentobar-
bital sodium in mice. The sleep latency of mice was sig-
nificantly decreased, and the sleeping time of mice was
significantly prolonged (all P<0.05) (Table 2).
Effects of drugs on prolonging the sleeping time of
mice induced by pentobarbital sodium
The effects of paeoniflorin and Sini San on prolonging
the sleeping time of mice induced by pentobarbital so-
dium were significantly stronger than those in the con-
trol group. There was a highly significant difference be-
tween the control and the paeoniflorin groups (P<
0.01) (Table 3).
DISCUSSION
Pentobarbital sodium is a barbiturate that induces
sleep in both rodents and humans.8 Pentobarbital in-
duced sleeping in mice is often used to screen seda-
tive-hypnotic drugs. Different doses of pentobarbital
Group
1
2
3
4
5
6
7
Dose
(mg/kg)
35
40
45
50
55
60
65
n
10
10
10
10
10
10
10
Sleeping time
(min)
79±27
80±26
83±26
91±28
143±15
155±27
161±29
CV
(%)
35.6
30.3
34.1
27.5
14.8
18.3
20.7
Note: CV: coefficient of variation.
Table 1 Effects of different doses of pentobarbital sodium
on sleeping time of mice ( xˉ ±s)
Table 2 Effect of experimental drugs on sleep latency and
sleeping time in mice ( xˉ ±s)
Group
1
2
3
4
5
6
7
8
n
10
10
10
10
10
10
10
10
Sleep latency (s)
157±23
101±13a
170±8
150±27b
135±25c
128±17a
135±39a
141±25a
Sleeping time (min)
135±27
219±28a
153±32
178±23b
217±27c
212±17a
216±45a
231±49a
Notes: group 1 received water for injection as the control, group
2 received diazepam (2.0 mg/kg), and groups 3, 4, 5, 6, 7, and 8
received paeoniflorin at a dose of 30, 60, 120, 240, 480, and
720 mg/kg, respectively. aP<0.001, bP<0.05, cP<0.01, as com-
pared with the control group.
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sodium can affect the precision of experiments enor-
mously. Therefore, we first determined the best hypnot-
ic dose of pentobarbital sodium in mice. These find-
ings suggested that the suprathreshold dose is better
than the threshold dose. At the same time, the best du-
ration of sleep should be considered.
In this study, paeoniflorin not only the shortened sleep
latency, but also prolonged sleeping time in mice treat-
ed with a hypnotic dosage of pentobarbital sodium
(55 mg/kg). The results showed that paeoniflorin
could improve and enhance sleep mildly. Paeoniflorin
may modulate sleep by the 5-HT system in brain, but
the exact role of serotonin in the regulation of sleep is
still unknown. In summary, paeoniflorin can enhance
sleep of mice by shortening sleep latency and prolong-
ing sleeping time. However, the mechanism of sleep
regulation from paeoniflorin is unclear. These may not
be the exclusive mechanisms for sedative action of pae-
oniflorin because other central neuronal mechanisms
such as the GABA system and the reticular activating
system have not been studied. We are still studying the
neural mechanisms of paeoniflorin's sedative and hyp-
notic actions.
Efficacy studies on Sini San freeze-dried powder on
sleep phase in insomniac and normal rats have not yet
been reported. We used Sini San freeze-dried powder
because lyophilization can effectively dry heat-sensitive
products and maintain their biological activity. Lyophi-
lized products can maintain color, quickly dissolve, and
restore the physical and chemical properties and biolog-
ical activity of the original aqueous solution after add-
ing water. Because of vacuum drying, some easily oxi-
dized materials can have protective effects. The lyophi-
lized products were low in water content, so stability is
improved, the chance of contamination is reduced, and
the shelf life was extended.
So far, efficacy studies on Sini San powder on the sleep-
ing time of mice are limited to clinical observation. We
used central nervous system pharmacology to study the
efficacy of Sini San powder on sleeping time in mice in-
duced by pentobarbital sodium. This study provided
experimental evidence underlying the mechanism of ac-
tion and material basis of Sini San powder, and estab-
lished the basis for the clinical use of Sini San
freeze-dried powder.
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Table 3 Sleeping times of medication administration group and control group ( xˉ ±s)
Group
Control group
Paeoniflorin group
Sini San freeze-dry powder group
Baishao (Radix Paeoniae Alba) freeze-dry powder group
Gancao (Radix Glycyrrhizae) freeze-dry powder group
Zhishi (Fructus Aurantii Immaturus) freeze-dry powder group
Chaihu (Radix Bupleuri Chinensis) freeze-dry powder group
Wuweizi (Fructus Schisandrae Chinensis) freeze-dry powder group
n
20
20
20
20
20
20
20
20
Dose (g/kg)
12
12
12
12
12
12
12
12
Sleeping time (min)
100±26
216±95a
235±137a
147±93
130±32
109±49
135±73
119±35
Note: aP<0.01, as compared with the control group.
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